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Lignin depolymerization in basic-subcritical water over Mo/SBA-15 catalyst into phenolic monomers
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In recent years, the research interests in biomass conversion to high value-added chemicals and fuels have drawn much
attention in view of current problems such as high oil prices, food crisis, global warming, and other geopolitical scenarios. In
this report, an SBA-15 supported molybdenum catalyst (Mo/SBA-15) was explored for the depolymerization of kraft lignin in
hydrothermal liquefaction process. Experiments were carried out at 300°C in a batch reactor under the N, atmosphere at two
different solvents (H,O and 0.5% NaOH) system. The catalysts were characterized by XPS (X-ray photoelectron spectroscopy),
HR-TEM (High-resolution transmission electron microscopy)and BET (Brunauer-Emmett-Teller) experiments analysis.
Incorporation of molybdenum has increased the average pore sizes (from 5.74 to 5.82 nm) into SBA-15 which was confirmed
by BET experiment analysis. XPS results revealed that spinel structures are detectable after the thermal treatment of Mo/SBA-
15, which could be attributed mainly to the Mo,O, formation. The highest crude bio-oil yield (46 wt.% oil yield) and lowest gas
formation were observed in subcritical water condition than 0.5% NaOH (44 wt. % oil yield) system with 10 wt.% synthesized
catalyst loading. The GC-MS analysis of the produced bio-oil shows that the major products in crude bio-oil were phenolic
type monomers such as guaiacols (40.99% peak area), catechols (36.45% peak area) and traces of nitrogenized compounds in
subcritical water. Alternatively, catechols (77.90 % peak area) were the main product in the basic solvent system. This is might
be due to demethylation of guaiacols to low molecular weight phenolic monomers like catechol. Phenols (5 % peak area) were
also produced as a result of the hydrogenation reaction of either guaiacols or catechols. The effective delignification nature
associated with Mo/SBA-15 catalyst resulted in significant reduction in the oxygen-carbon ratio (O/C) from 0.32 to 0.29 in
basic subcritical water. The decrease in oxygen content and increase in carbon and hydrogen contents increased the calorific
value of the produced bio-oil, with higher heating value (HHV) of 32.09 MJ/Kg.

Figure 1: Lignin depolymerization in basic subcritical water over Mo/SBA-15.
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